Abstract. Desmoplastic trichoepithelioma (DTE) is a rare benign adnexal tumor with the characteristic features of asymptomatic, solitary, annular, indurated and centrally depressed papules or plaques, most commonly occurring in younger individuals on the face. Microscopically and clinically, DTE may be difficult to distinguish from other cutaneous adnexal neoplasms, particularly syringoma, cutaneous metastatic breast cancer, morpheaform basal cell carcinoma and microcystic adnexal carcinoma. The present study reports three cases of DTE. The first case was of a 45-year-old male with an asymptomatic flesh-colored plaque below the right edge of the outer canthus that had been present for seven years. The second case was of a 23-year-old female with an asymptomatic skin lesion on the right cheek that had slowly and progressively increased in size. The third case was of a 26-year-old female who presented with a hard yellowish-white plaque, which gradually grew and formed a rectangular, 3x4-cm patch, on the tip of the left brow. This plaque was present for three years without evident cause or subjective symptoms. In all three cases, the routine systemic examinations and laboratory findings were normal. Histopathological and immunohistochemical findings from incisional biopsies of the lesions were consistent with a diagnosis of DTE. DTE treatment methods and immunohistochemical markers were analyzed by reviewing clinical pathological aspects in order to avoid a misdiagnosis and to provide the best available treatment approach for DTE.
Introduction
Trichoepitheliomas (TEs) are benign cutaneous neoplasms derived from the hair follicle. Three distinctive variants of TE are recognized, namely, solitary TE, multiple TE and desmoplastic TE (DTE) (1) . DTE is a rare benign adnexal tumor that is derived from basal cells in the outer root sheath of the hair follicle. The tumor occurs at an incidence of 1 in 5,000 skin biopsies in adults, and is usually observed in middle-aged females, but has been reported in all age groups and genders. DTE usually presents as an asymptomatic, flesh-colored, solitary, annular, indurated and centrally depressed papule or plaque (2, 3) . The most commonly affected areas are the sun-exposed areas, particularly facial areas such as the cheeks, chin and forehead; less commonly, the tumors may be localized to the upper trunk area, the neck and the scalp (4) .
The history of DTE goes back to 1904 when Hartzell described benign cystic epithelioma, which was clinically similar to DTE (5) . In 1977, using a series of 49 cases, Brownstein and Shapiro (6) described the microscopic features of DTE, and histologically noted narrow strands of basaloid tumor cells, keratinous cysts and a desmoplastic stroma. Since then, these features have remained as a unique triad for the dermatopathology of DTE.
DTE lesions are usually superficial and rarely reach the lower dermis. The tendency for perineural and intraneural invasion, such as has been found in other cutaneous malignancies, has rarely been described in the previous literature. According to these studies, there is no pleomorphism, mitotic figures or apoptotic activity in the epithelium, which morphologically resembles the main tumor. Therefore, it is clear that DTE should also be listed with other cutaneous neoplasms showing perineural involvement, particularly the desmoplastic malignancies, and that care should be employed in following any aggressive treatment approach, much like for other cutaneous malignancies, particularly when lesions are located in cosmetically sensitive areas. Immunohistochemical studies reveal the consistent expression of cytokeratin (CK)20 (7) for Merkel cells surrounded by stromal cells.
Clinical features and histopathological features may aid in the diagnosis of DTE (8) . The most common features of DTE are that the tumor is slow-growing, white-gray to flesh-colored, indurated, centrally depressed, non-ulcerated and 2-18 mm in diameter (9) . The tumor has an annular border, is present as a papule or plaque, and predominately occurs on the face. Diagnosis based only on the clinical background may be difficult is certain cases, and for those cases, biopsy may be of use. The (10) . Clinically, DTE is difficult to distinguish from other skin lesions caused by certain diseases, such as breast cancer. In this study, three cases of DTE were presented and the associated literature was reviewed. The aim of the study was to improve understanding with regard to the clinical diagnosis and treatment of DTE. Written consent was obtained from each patient or their relatives for publication of this study.
Case reports
Case one. In January 2009, a 45-year-old male presented to the Second Affiliated Hospital of Xi'an Jiatong University (Xi'an, China) with an asymptomatic flesh-colored plaque below the right edge of the outer canthus that had been apparent for seven years. The lesion had first become apparent at 38 years old, when the patient was injured by a piece of iron that left a small scar below the right edge of the outer canthus. There was no pain, itching or any associated symptoms, so no further management was provided. However, in the last seven years, the lesion slowly and progressively increased in size without any symptoms or known cause.
Dermatological examination of the lesion revealed it to be flesh-colored and centrally depressed, with elevated borders of ~15 mm in size, and located laterally over the right periorbital region. The lesion was not ulcerated (Fig. 1) . The patient's eating habits, bowel habits and urination were normal. There was no family history of similar disease and no associated symptoms. Upon histological examination, nests of small strands and cords of epithelial elements were observed within the upper and mid dermis. The chords and nests of basaloid cells varied in size and were embedded in a dense stroma. These aggregations were rimmed by bundles of collagen fibers. Multiple horn cysts were also apparent in the stroma and were lined by stratified squamous epithelium. A thin drag line elicited by focal calcification was also observed. Mitotic figures were not apparent. Pleomorphism and peripheral palisading were not observed. By reviewing the histopathological findings and correlating these with the clinical findings, a diagnosis of DTE was established (Fig. 2) . The immunohistochemistry revealed CK20-positive cells (Fig. 3A) diffusely scattered within strands of the tumor, including the wall of a horn cyst, and cluster of differentiation (CD)34-positive cells (Fig. 3B) surrounding the tumor mass. Immunohistochemistry for epithelial membrane antigen (EMA; Fig. 3C ) and androgen receptor (AR; Fig. 3D ) expression was negative. The patient underwent surgery with complete resectioning with no recurrence.
Case two. In October 2010, a 23-year-old female presented to the Second Affiliated Hospital of Xi'an Jiatong University with an asymptomatic skin lesion that had been apparent for nine years and was slowly and progressively increasing in size. There was no relevant medical history of any disease and no family history of a similar case. Examination of the lesion revealed a small, flesh-colored, centrally depressed, bean-sized single lesion located on the right cheek, with raised borders (Fig. 4) . A systemic examination was performed, but did not reveal any regional lymphadenopathy or cutaneous abnormalities. The patient's eating habits, bowel habits and urination were normal. A biopsy specimen obtained from the site revealed small strands of basaloid cells in a desmoplastic stroma, with keratinaceous cysts positioned adjacently and attached to the basaloid cells. Following a review of the clinicohistopathological findings, a diagnosis of DTE was established (Fig. 5) .
The immunohistochemistry revealed the presence of a few CK20-positive cells ( Case three. In November 2012, a 26-year-old female presented to the Second Affiliated Hospital of Xi'an Jiatong University with a hard yellowish-white plaque, which had gradually grown over three years and formed a rectangular, 3x4-cm patch (Fig. 7) on the tip of the left brow, without evident cause or subjective symptoms. There was no relevant medical history of any disease and no family history of a similar case. Systemic and laboratory examinations revealed no abnormalities. Pathological examination was performed; the hematoxylin and eosin staining of the biopsy specimen is shown in Fig. 8 , which revealed mild atrophy of the epidermis, with large cords identified in the shallow and middle dermis. In addition, hyperplasia of the connective tissue was observed at the horn cyst. The patient underwent surgery with complete resectioning with no recurrence.
Discussion
DTE is a relatively rare, benign, cutaneous neoplasm, whose microscopical and histological features were first described by Brownstein and Shapiro in 1977 (6) . The lesion has been reported in previous studies throughout the literature as several different entities, including solitary TE, epithelioma adenoides cysticum, morphea-like epithelioma and sclerosing epithelial hamartoma (11, 12) . DTE usually presents as a slow-growing, asymptomatic, solitary, indurated plaque or papule. The lesion has a raised annular border and depressed non-ulcerating center. DTE most commonly occurs on sun-exposed areas, particularly the face, and is often mistaken for a basal cell carcinoma (BCC) in older patients. Moreover, DTE is believed to occur more on the right side of the face, with the most common site being the cheek, followed by the nose, chin, forehead, periorbital region and lips (2,6). Females are more commonly affected than males, with occurrences in the age range of 8-81 years (13). 
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On histopathological examination, the lesion is usually well circumscribed, symmetrical and confined to the papillary dermis and upper two-thirds of the reticular dermis (9) . The three cases examined within the present study exhibited the typical clinical and histopathological features of DTE that have been described by previous studies (4, 5, 10) . The depressed, non-ulcerating, and raised angular border that is described in previous studies (4,5,10) was a typical feature in the present cases. The triad of histopathological characteristics first described by Brownstein and Shapiro (6), i.e., narrow strands of basaloid tumor cells, keratinous cysts and a desmoplastic stroma, was a consistent presence in all three of the current cases. Another feature of DTE is the presence of horn cysts and frequent calcification. In the present study, multiple horn cysts and focal calcifications were observed on all cases. There were no signs of pleomorphism, mitotic figures or apoptotic activity in the epithelium. Immunological 
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markers were studied in two cases. Each of the cases showed CK20 expression, however, in case one, numerous cells expressed strong CK20 expression compared with a few cells expressing CK20 and multiple cells weakly expressing CK20 in case two. Bcl-2 was also mainly expressed in the basal layers. EMA expression was negative, while CD34 expression was positive around the tumor mass. The diagnosis of DTE may occasionally be difficult, even when assessed by an expert, and particularly when the tumor mimics other benign and malignant tumors. DTE may clinically and histopathologically mimic syringoma, morpheaform BCC (MBCC), microcystic adnexal carcinoma (MAC), conventional TE and other tumors. While histology findings combined with clinical features may be useful in making a definitive diagnosis of some of these lesions (14, 15) , MBCC may still be misdiagnosed. Other frequently associated conditions that may mimic similar clinical and histological features are sebaceous hyperplasia, granuloma annulare, scar tissue and cutaneous squamous cell carcinoma (16) . The features of DTE, as aforementioned, may be extremely hard to distinguish when provided with a small sample of biopsy specimen. Also, as the majority of the biopsy specimens may be superficial, it may be hard to make a full pathological evaluation. Certain studies have suggested that the thin-walled epidermis and the lack of surface telangiectasias, along with the aforementioned features, can aid in the diagnosis of DTE (2,10). However, differentiating DTE from BCC and MAC remains challenging. Takei et al (17) discovered that the majority of clinically diagnosed DTE cases were actually BCC. Other lesions in their series were sebaceous hyperplasias, hamartoma, TE, melanocystic nevi and keratoses.
Several attempts have been made to overcome those diagnostic challenges in ultrastructural pathology (14) , molecular pathology (18), immunofluorescence (19) and immunohistochemical (17, (20) (21) (22) (23) studies. Immunohistochemical markers that have been proposed as criteria for the diagnosis and differentiation between DTE and MBCC are CK20 (for Merkel cells), p53, p75, CD10, CD34, PHLDA, AR, Ki-67 and Bcl-2. Costache et al (18) investigated several immunohistological markers, namely CK20, AR, Ki-67, CD34, p53, Bcl-2 and CD10. The study attempted to re-evaluate the histomorphological and immunohistochemical criteria previously proposed by Takei et al (17) , which were available for the differentiation of DTE from MBCC, in order to figure out which of the criteria are the most reliable for a definitive diagnosis. The study found that CK20 and AR are the most reliable immunohistochemical markers for the differentiation between DTE and MBCC, supporting the data of previous studies by Abesamis-Cubillan et al (22) and Izikson et al (23) . However, the study also suggested that the number of Merkel cells in DTE may vary from a large number to very few or even one. Therefore, relying on CK20 for small biopsy specimens may remain problematic, particularly in view of the ever decreasing size of skin biopsies and the increased use of the shave biopsy technique, which often yields only superficial small specimens. Costache et al (20) further concluded that Ki-67 and Bcl-2 were not useful markers in the differentiation between DTE and MBCC.
Although DTE may be diagnosed using the clinical and morphological features alone, in certain cases, this may be challenging for a dermatologist. DTE may resemble other benign and malignant tumors clinically and histologically, including MBCC, MAC, cutaneous metastatic breast cancer and syringoma (9, 24) .
Syringoma is a benign, adnexal neoplasm with ductal differentiation. The condition usually presents as small, multiple, skin-colored papules over the cheeks and lower eyelids. The lesions are usually asymptomatic and tend to first appear at puberty. The histopathological features of syringoma show multiple eccrine ducts, which are lined by two layers of cuboidal epithelium and are scattered within a fibrous stroma in the dermis. The main histopathological differential diagnosis includes MBCC, MAC, eccrine syringocarcinoma and DTE. Syringoma, unlike DTE, is often observed as multiple lesions on the periorbital region. The lesions are generally confined to the superficial dermis and consist of tubular structures (2) . All these features are absent in DTE. Narrow strands of basaloid cells, foreign body granulomas and calcification may rarely be observed in syringoma, but may frequently be found in DTE (25) . DTEs also tend to be solitary and lack the ductal differentiation observed in syringomas. Additionally, the presence of horn cysts, calcification, follicular differentiation and long epithelial strands can distinguish DTE from syringoma, where these features are not commonly observed. Moreover, immunohistochemical markers may also aid in differentiating between DTE and syringoma. The immunohistochemical CK20 marker for Merkel cells is nearly always immunopositive for DTE, but rarely or never for syringoma (7) . DTE is also negative for carcinoembryonic antigen (26, 27) compared with syringoma, which shows a positive reaction in the luminal cells. The most common features that may aid in differentiating DTE from syringoma are listed in Table I .
In the majority of cases, cutaneous metastasis occurs following the initial diagnosis of the primary cancer. In the minority of cases, metastasis may be discovered at the same time or prior to the diagnosis of carcinoma. Breast cancer is one of the most common malignancies to spread to the skin (28, 29) . It is estimated that 30% of breast cancers have the tendency to metastasize. Although the most common sites of cutaneous metastatic breast cancer are the chest and abdomen, metastasis can less commonly be discovered on the scalp, face, neck, upper extremities, abdomen and back. Patients may present with rapidly-growing, asymptomatic, firm, scar-like nodules or tumors on the face, which may mimic DTE (30) . Any rapidly-growing lesions should warrant careful consideration of the possibility of metastasis.
The most common features that may aid in differentiating between DTE and cutaneous metastatic breast cancer are listed in Table II. MBCC, also known as sclerosing BCC is a rare BCC variant that exhibits aggressive characteristics and an atypical clinical presentation. The preponderance of BCCs are nodular or superficial. MBCC is considered a potentially more aggressive subtype necessitating complete surgical excision, as opposed to the benign nature of DTE (31) .
MBCC presents as solitary, yellowish or skin-colored, pale, firm, ill-defined, waxy or scar-like, flat or slightly depressed lesions, which resemble numerous other benign lesions, such as DTE. The head and neck regions, particularly the face and less so the trunk and limbs, are the most frequently affected by MBCC (32) .
MBCC may clinically and histologically mimic DTE. Since the two tumors are each composed of follicular germinative cells, numerous morphological characteristics are common between them. There is significant overlap between DTE and MBCC (21) . Differentiating between these two neoplasms may be challenging for anyone. Like DTE, MBCC also consists of infiltrating strands and islands of basaloid and monomorphic cells embedded within a dense fibrous and sclerotic stroma. DTE and MBCC may be differentiated between using five distinct clinicohistopathological findings (21) : Annular lesions, horn-cysts, epidermal hyperplasia, Keratin granulomas and calcification. The large masses of tumor cells that are often encountered in MBCC are rarely found in DTE (21) . A number of the common features that may aid in differentiating between DTE and MBCC are listed in Table III. MAC is a rare adnexal neoplasm that normally occurs on the head and neck region, particularly the central face (33) . MAC clinically presents as a slow-growing, firm, flesh-colored and indurated plaque or nodule, with diffuse, ill-defined margins, occasionally with overlying telangiectasia. MAC is large, poorly circumscribed and asymmetric, and extends into the subcutaneous fat. The neoplasm consists predominantly of proliferating tubular structures (34).
While DTE is a benign neoplasm with indolent behavior, MAC can be highly aggressive, resulting in substantial local destruction and possible metastasis. Although MAC has widely been recognized as a discrete clinicopathological entity, confusion with other benign adnexal tumors, particularly DTE, remains likely (18) . Superficial biopsies result in the misdiagnosis of MAC as squamous cell carcinoma, syringoma or DTE in up to 30% of cases. A number of the features (21) that may aid in differentiating between DTE and MAC are listed in Table IV . Immunohistochemical markers have also been studied to aid in differentiating between DTE and MAC. These markers include CK20, CK7, CK15, CD10 and BerEP4 (20) . However, none of the proposed immunohistochemical markers are believed to be totally reliable. Debate remains over the reliability of the markers (23, 35) . As a consequence, further studies are required in order to find a definitive diagnostic marker able to differentiate between MAC and DTE.
Several approaches, including laser surgery, dermabrasion, topical 5% imiquimod (14) , curettage and electrodesiccation, and radiosurgical ablation, have been attempted with some success, but the chances of recurrence for these techniques may be higher than that for local surgical excision (3, 14, 36) . It is also important to consider that the majority of biopsy specimens obtained during these methods may only be superficial, resulting in a poor pathological evaluation. Moreover, these techniques may not permit histological margin analysis and may not be appropriate for high-risk tumors resembling DTE. Local surgical excision is the treatment of choice for DTE and is considered as a first-line treatment for the majority of benign tumors. Although complete remission with minimal recurrence can be achieved with this technique, post-surgical complications, including scarring and hypopigmentation, remain the main problem, particularly for the cosmetically sensitive areas such as the face, where minimizing the occurrence of any complications is extremely important. The study by Mamelak et al (2) recommends Mohs micrographic surgery for treating DTE, in order to prevent recurrence and local invasion. A review of the literature shows that certain studies agree on the fact that aggressiveness and local invasion for DTE is extremely rare (37, 38) . Moreover, Mohs micrographic surgery is relatively expensive compared with other alternative or surgical modalities (39) . For classical cases with definitive benign results, DTE can be cost-effectively managed by closed monitoring only, with regular follow-ups or local excision if required. However, in cases with atypical clinical and histological features and where there is concern about the tumor arising in cosmetically sensitive areas like the face, in which the sparing of normal surrounding tissue is important, Mohs surgery may be beneficial (38) .
From the results of the present study and the previous literature, it may be concluded that DTE is a particularly rare benign adnexal tumor. The treatment of choice is local excision, but a 'wait and watch' policy can be used as a management technique in those cases where the clinical features are typical to DTE. For a tumor as rare as DTE, the data for recurrence is not reliable; therefore, the specific recurrence rate cannot be reliably calculated. The tumor has been shown to share a number of clinicohistopathological similarities with MBCC and MAC. Although histopathological and immunohistochemical markers may aid in the differentiation of other malignant tumors, specific diagnostic techniques for the differentiation of this tumor are still lacking. While the majority of cases may be left untreated, the diagnosis and differentiation of DTE remains essential, as the treatment and prognosis of other tumors mimicking DTE is different. Overall, the low incidence of DTE limits the histopathological and immunohistochemical observations, and the treatment studies that may be performed.
